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Abstract: Previous twin studies have shown strong heritability of electroencephalogram amplitude
characteristics, such as power spectra. However, it has been suggested that these high heritabilities
may reﬂect ‘‘trivial’’ twin resemblance in intervening tissues such as the skull. Here we demonstrate
strong monozygotic twin correlation (0.79 < r < 0.88) of eyes-closed resting-state magnetoencephalo-
gram power, which is insensitive to intervening tissues. These results conﬁrm that brain activity itself
is highly heritable. Hum Brain Mapp 30:2142–2145, 2009. VC 2008 Wiley-Liss, Inc.
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INTRODUCTION
Electroencephalogram (EEG) measurements in humans
consistently indicated a signiﬁcant genetic inﬂuence on
individual differences in electrical brain activity [van Beij-
sterveldt and Boomsma, 1994; Vogel and Motulsky, 1997].
For example, large-scale studies that compared similarities
of EEG characteristics between genetically identical, mono-
zygotic (MZ) twins and nonidentical dizygotic (DZ) twins
estimated high heritabilities for power in the classical EEG
frequency bands. For power in delta, theta, alpha, and beta
bands heritabilities range from 55% to 90% in children
[Van Baal et al., 1996] and 70% to 90% in adolescents [Smit
et al., 2006; van Beijsterveldt et al., 1996; Zietsch et al.,
2007] and adults [Smit et al., 2005]. These ﬁndings suggest
that, besides brain anatomy [Toga and Thompson, 2005],
resting-state brain function is also under strong genetic
control. However, EEG power is strongly inﬂuenced by
electrical conductivity of tissue layers between the brain
and scalp electrodes, in particular the skull [Babiloni et al.,
1997; Leissner et al., 1970]. Heritability estimates of EEG
power could be strongly inﬂated by greater MZ similarity
for these intervening biological tissues which, as many
other anatomical traits, are highly heritable themselves
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[Kohn, 1991]. In this study, we reevaluate twin resem-
blance in oscillatory brain activity using magnetoencepha-
logram (MEG) recordings. Compared to EEG which meas-
ures tangential as well as radially oriented currents, MEG
is selectively sensitive to cortical sources with tangential
orientation to the skull surface, i.e., the electromagnetic ac-
tivity from cortical ﬁssures [Hamalainen et al., 1993].
Nevertheless, given that both recording techniques detect
synchronized neuronal currents, EEG and MEG signals
can be regarded as functionally related which also has
been conﬁrmed empirically, e.g., [Kirsch et al., 2007; Niku-
lin et al., 2005]. In contrast to EEG however, MEG meas-
ures magnetic ﬁelds resulting from electrical brain activity
which are virtually undistorted by tissue covering the
brain [Okada et al., 1999; Wolters et al., 2006].
METHODS
Participants
Our sample consisted of 20 healthy right-handed MZ
twin pairs (10 male, 18.8 6 0.6 yrs; 10 female, 18.8 6 0.4
yrs). Zygosity was based on buccal cell DNA typing. All
twins provided informed consent and the study was
approved by the medical ethics committee of the Vrije
Universiteit medical center.
MEG Recordings
Magnetic brain activity was recorded for 10 min during
eyes-closed rest, using a 151 sensor whole-head scanner
with axial gradiometers (VSM Medtech, Canada). Sam-
pling rate was 625 Hz, with low-pass ﬁltering at 265 Hz.
Before and after each measurement head position was
determined and, to correct for the inﬂuence of head posi-
tion on recorded amplitudes, MEG data for each individ-
ual were extrapolated onto new data sets with the same
sensor locations corresponding to an average head position
across twins [de Munck et al., 2001].
Data Processing
MEG signals were processed using Fieldtrip software
(F.C. Donders Centre for Cognitive Neuroimaging; http://
www.ru.nl/fcdonders/ﬁeldtrip). The 10 min recording ses-
sions were partitioned into 120 epochs of 5 s. Epochs con-
taining artifacts including excessive amplitude offsets and
muscle activity were excluded after visual inspection. Eye
movement and eye blink signals were removed by means
of independent component analysis available in ﬁeldtrip.
For each 5 s epoch, MEG power was determined by apply-
ing a Fast Fourier Transform on the signal from each sen-
sor, after subtracting the mean MEG amplitude and con-
volving the data with a Hanning taper. Smoothed powers
between 1.5 and 30 Hz, with 0.2 Hz resolution, were com-
puted by averaging the power values over epochs. Finally,
power values were summed separately for the four classi-
cal frequency bands, delta (1.6–3.6 Hz), theta (4.0–7.6 Hz),
alpha (8.0–12.6 Hz), and beta (13.0–25.0 Hz) and trans-
formed to a Gaussian distribution using log10(x) [Pivik
et al., 1993]. Similarities of log transformed power values
between MZ twins were quantiﬁed, for each recording
sensor, using Pearson’s linear correlation coefﬁcient. There
were no indications of sex differences, therefore correla-
tions were determined across the entire sample of male
and female twin pairs.
Figure 1.
Scalp topographies of twin correlations for log10 transformed
mean powers, across all 20 MZ twin pairs, for each MEG fre-
quency band. Color coding ranges from darkblue (correlation: 0)
to darkred (correlation: 1). As is immediately clear from the ﬁg-
ure, twin resemblance in MEG power was high to very high
across the scalp in the delta (1.6–3.6 Hz), theta (4.0–7.6 Hz),
alpha (8.0–12.6 Hz), and beta (13.0–25.0 Hz) frequency bands.
Small map inserts below each correlation map show distribu-
tions of absolute powers (darkblue: 0 to darkred 3.2 picoTesla2).
Delta and theta bands exhibit a clear posterior/temporal power
distribution. As classically observed during rest, highest power
was observed in the alpha frequency range, peaking around
10 Hz, and with posterior scalp maximum. Scalp topography for
the beta band was similar to alpha, except for lower power.
r Resemblance of MEG Brain Activity in MZ Twins r
r 2143 r
RESULTS
MZ twin correlations of log transformed mean powers
for each sensor across the scalp in Figure 1 and across sen-
sors grouped according to scalp subdivision in Table I
clearly indicate that within-pair MZ twin correlations for
MEG power in all classical broad frequency bands were
very high across the scalp and highly similar to those pre-
viously reported for EEG [Smit et al., 2005; Van Baal et al.,
1996; van Beijsterveldt et al., 1996; Zietsch et al., 2007].
Also in agreement with EEG ﬁndings [Van Baal et al.,
1996; van Beijsterveldt et al., 1996], correlations were rela-
tively reduced for slower brain rhythms, especially for the
delta band (Table I: 0.79 across sensors). This may be in-
dicative of environmental inﬂuences on slow waves but,
because reduced correlations were observed mainly at
bilateral temporal and left frontal scalp locations, most
likely reﬂects the lower signal-to-noise level at these ante-
rior brain sites. In addition, there may be additional error
variance introduced by residual biomagnetic activity from
eye movement and/or eye blink signals.
DISCUSSION
Our ﬁnding of high correlations of brain activity
recorded with MEG between genetically identical MZ
twins, in keeping with earlier EEG studies, falsiﬁes the
idea that MZ twin resemblance for brain activity is merely
a byproduct of greater MZ similarity in intervening biolog-
ical tissue. The current evidence from EEG studies in twins
can therefore be safely interpreted to indicate a substantial
inﬂuence of genetic factors on brain activity.
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